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Abstract 
This paper analyses relevant failure mechanisms for microbolometer thermal imager sensors that are assembled with 
a small size and low cost chip scale package. The analyses focus at device specific elements like the bolometer 
sensor structures, the longtime stability of the sensor and its performance, and the stability of the hermetic chip scale 
package. Executed reliability tests showed a high reliability of the sensor and the package without hard failures. The 
package survived harsh environmental accelerated stress tests and showed only a slight reduction of the shear 
strength through void formation and small cracks within the lead frame that could be verified through FEM 
simulations. The stress on the bolometers is investigated by thermomechanical FEM simulations. Executed 
reliability tests showed no enlargement in the number of defect pixel. The sensor performance showed a longtime 
drift and temperature dependence through outgassing processes inside the package leading to a significant 
performance reduction. Thus this effect is investigated closer and possible countermeasures are proposed. 
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1. Infrared thermal imager sensors 
Uncooled infrared imager (IRFPA, infrared focal plane array) measure the infrared radiation emitted by warm 
objects in a typical wavelength range between 8 μm and 14 μm to image temperature distributions of a scene. These 
IR imagers operate passive without additional active illumination of a scene. 
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Fig. 1. (left) IR image of active electronics with Fraunhofer IMS infrared imager; (middle and richt) SEM picture of a bolometer 
array in a top view (middle) and a side view (right) [1] 
Commercial IRFPAs are based on microbolometers as sensor elements (pixels). They absorb electromagnetic 
infrared radiation and thus increase their membrane temperature. This leads to a change in the electrical resistance 
which is converted by a read-out circuit (ROIC) into an electric voltage or a digital value. By using several 
bolometers forming a pixel array, the thermal radiation of a scene can be measured and imaged. 
 
Uncooled IR (infrared) imagers are basically consisting of a microbolometer array as an IR image sensor and a 
hermetic vacuum package with IR-entry window. The needed thermal isolation of the bolometer membrane is 
realized by constructing a 3D beam or leg structure (Fig. 2.) and through the package internal vacuum pressure 
lower then 10-2 mbar. Amorphous silicon (a-Si) or vanadium oxide (VOx) are commonly used as sensor materials. 
Both are amorphous materials with a high temperature coefficient (TCR). 
 
 
Fig. 2. (left) Fraunhofer IMS infrared imager in QVGA size; (right) principle construction of an infrared imager 
Actual literature of infrared sensors provides no concrete information about reliability issues. Books on infrared 
sensors from Budzier [2], Kruse [3] or Rogalski [4] give detailed physical and technical information on infrared 
sensors but nothing on reliability and long-term stability. Manufacturers like DRS Technologies Inc. [5], BAE 
Systems [6] and [7] or Raytheon Vision Systems [8], describe recent developments and technologies in their 
publications but provide no concrete information on reliability. Thus the issues of reliability and failure mechanism 
are described in this paper. 
 
2. Failure mechanisms 
 
In the following the relevant failure mechanisms of infrared imagers will be examined. Electrical defects of the 
ROIC or classic assembly errors like die attach and bond wire failures are manufacturer specific, state of the art, and 
not considered here in detail. This paper focuses on the package, the bolometer and the performance degradation. 
Vacuum 
IR radiation 
 Package 
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Studying the literature for reliability concerns it can be stated that infrared sensors have very severe 
requirements on the internal pressure and require a long-term stability at a pressure of about 10-3 mbar acc. Moraja 
[9] or Roxhed [10]. Studies of infrared sensors by Niklaus et al. in [11] and [12] identify a reliable hermetic package 
as the most important reliability issue. The package internal pressure of less than 0.01 mbar [11] has to be constant 
over the devices life time. In addition, the transmission of the infrared window must remain constant. The 
hermeticity and low outgassing rates are most important acc. Premachandran [13]. 
 
3. Performance degradation 
 
Performance degradation is a serious matter. Even at 20 °C room temperature a significant performance loss 
over one year storage could be measured. The performance is described after [14], [15] and by the responsivity ܴ 
(sensor sensitivity) and the Noise-equivalent temperature difference ܰܧܶܦ by the following equations. 
ܰܧܶܦ ൌ Ͷ ή ܨ୞
ଶ ή ܷ௡
ܴ ή ܣ୆ ή ߶ ή ቀοܲοܶቁ
 
(1) ܴ ൌ ܶܥܴ ή ߚ ή ߝ ή ܷ୆୭୪୭ܩ୘୦ ή ξͳ ൅ ߱ଶ ή ߬ଶ
 
(2) 
 Where ܨ୞  ist the F-number of the infrared optics, ܷ௡  the noise voltage, ܣ୆  the bolometer pixel area, ߶  the 
transmission coefficient, οܲȀοܶ  the temperature contrast, ܶܥܴ  the temperature coefficient of resistance, ߚ  the 
bolometer fill factor, ߝ the absorption coefficient, ܷ୆୭୪୭ the bolometer voltage, ܩ୘୦ the thermal conductivity, ߱ the 
reziprocal of the frame frequency and ߬ the thermal time constant. 
  
Parameters that could shift over the lifetime und thus lower the sensor performance are the noise voltageܷ௡, the 
TCR, the optical transmission ߶ and the thermal conductivityܩ୘୦. These parameters were consequently analyzed 
separately. 
 
a) Noise 
Executed HTOL (High Temperature Operating Life) test by 115 °C over 2000 h and 30 devices showed a 
reduction of the average noise level (average standard deviation of the digital values measured over 50 frames), 
which has a positive effect on the NETD. 
 
b) Transmission 
The infrared caps of the chip scale packages were analysed separately. Despite intense aging with 350 h 
autoclave (121 °C, 100 % RH), 500 h storage at 200 °C or 1000 temperature cycles from -50 to +150 °C, no 
reduction of the infrared transmission could be measured by Fourier transform infrared spectroscopy (FTIR). 
 
c) TCR 
The TCR was evaluated on sensor devices in measuring the average bolometers electrical resistance over 
different temperatures. The measurements showed the temperature dependent degradation of the TCR. But in 
relation to the overall performance degradation, the reduction of the TCR is quite low and has a ratio of about 10 %. 
For example the responsivity after 1000 hours at 125 °C is decreased by 22.5 % and the TCR by 2.8 %. The 
complete performance degradation cannot be explained by the TCR and thus must mainly be caused by a loss of the 
thermal insulation. 
 
d) Thermal conductivity 
As descripted in [16] the thermal conductivity of the package is depending on the number of gas molecules and 
thus to the package internal pressure. The package internal gas composition was analysed with gas analysis by time-
of-flight mass spectroscopy. But the absolute package internal pressure could not be measured. 
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Fig. 3. (left) comparison of the relative gas composition before and after thermal aging by 2000 h 150 °C; (right) 
degradation curves of the responsivity R and package pressure measured with the vacuum sensor VS before and after thermal 
aging by 125 °C 
 
A graphical comparison of the gas composition shows that the relative partitions are changing as molecules are 
outgassing inside the package volume. As argon is a rare gas and cannot diffuse through metals and is not absorbed 
by getter materials, the absolute amount of argon gas should remain constant. Consequently, the remaining gases 
must have increased. The most outgassing are nitrogen and hydrogen, followed by hydrocarbons and carbon 
dioxide. 
 
A method and highly accurate measuring system for the package internal pressure of bolometer imager is 
described by Elßner in [16]. Further described are the physical backgrounds, the outgassing processes, the thermal 
conductivities, pressure calculation and measurement results. This vacuum evaluation method is used to monitor the 
thermal isolation and the package internal pressure. A comparison of normalized curves of the responsivity (R) and 
the measured values from the vacuum sensor (VS) by a thermal aging of 125 °C shows (Fig. 3. right) that both have 
the same degradation curve. This proves that a reduction in the thermal insulation and thus pressure reduces the 
performance. With this method, the degradation of the TCR is also detected so that the overall degradation is 
measured. Consequently the infrared sensor’s performance degradation is related to an increasing package pressure 
and a slight reduction of the TCR. 
 
Countermeasures have to be taken to reduce the impact of outgassing and thus the sensor degradation such as 
bake-out before package sealing, increasing the package volume for example through etching an cavity in cap wafer 
and the optimized use of getter layers with activation  temperatures adapted to the packaging process on the biggest 
area as possible. If possible the getter material is electrically contactable and thus capable of being activated after 
sealing by joule heating. 
 
 
4. Reliability of the chip scale package 
 
The analysed hermetical sealed vacuum chip scale packages manufactured and developed by Fraunhofer IMS 
have a size of 9 x 9 mm and use a eutectic leadframe to solder an infrared transmissive cap chip on the substrate 
wafer. The packages were stressed with sinusoidal vibrations of 20 G, mechanical shocks of 500 G in 1ms, 264 
hours in the autoclave by 121 °C and 100 % RH, and 1000 thermal cycles by -65 °C to +175 °C. None of these 
stress tests led to failure or a loss of the hermeticity of the package proving the high reliability of the chip scale 
package.  
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a) Shear tests 
 
The infrared sensors were also tested by shear tests, where the cap chip is sheared and the force measured over 5 
samples for each test. Temperature storage by 150 °C over 1700 h led to a reduction of the shear force by 12% and 
1250 thermal cycles from -50 °C/+150 °C to 18%.  
 
b) Material analysis leadframe 
 
Packages aged by 1000 thermal cycles from -50 °C / +150 °C were mechanical sawed and polished and additionally 
polished by ion beams, to analyse the cross section of the leadframe by electron microscopy. 
 
  
Fig. 4. (left) void formation in thermal aged eutectic lead frame cross section; (right) crack formation between the leadframe 
and silicon interface 
 
The analysed cross section showed void formation at the interface between the eutectic and nickel film. Further 
analyses by energy-dispersive x-ray spectroscopy (EDX) showed that nickel diffused into the eutectic because of the 
different diffusion coefficients. Furthermore smaller cracks between the leadframe and the silicon and passivation 
cracks beside the leadframe (Fig. 5) could be observed. This stress could also be verified through thermo-
mechanical simulations with finite element methods (FEM) using COMSOL Multiphysics. 
 
 
Fig. 5. (left) cracks after aging in the passivation beside the leadframe; (right) 2D FEM simulation of leadframe cross section 
with colour scale of Von-Mises-Stress by 150 °C 
 
The micro damages appearing after this intense aging would explain the reduced shear strength. However, these 
damages are moderate in relation to the structure sizes and thus far away from a structural failure. 
 
5. Bolometer 
 
Finally the bolometers sensor elements are investigated. Executed reliability tests like vibrations, mechanical 
shocks, thermal cycles and thermal aging as mentioned earlier showed no damages. Additional executed FEM 
simulations showed no remarkable stress within the bolometer structures. The simulated Von-Mises-stress is far 
below the critical maximum tensile strength of silicon oxide (8.4 GPa [17]).   
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6. Conclusion 
 
The chip scale package showed only minor cracks and a void formation that slightly reduces the mechanical 
strength. The bolometer sensor elements showed no failures by accelerated aging and FEM simulations. Despite the 
intense accelerated aging, package and bolometers showed no failures and are consequently highly reliable. The 
dominant failure mechanism is the loss of the bolometer’s thermal insulation. The temperature dependent 
performance degradation through outgassing processes inside the package is leading to an increased package 
pressure and thus to a decreasing responsivity over time. Furthermore a decreasing noise level could be measured 
that is partially compensating the responsivity losses for the NETD value. 
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